Insulin resistance is a well-documented risk factor for the development of endometrial cancer. Adiponectin and vaspin are insulin-sensitizing proteins that are secreted from adipose tissue. A clear association between serum levels of adipokines and endometrial cancer has yet to be established. The study group consisted of postmenopausal women with confirmed endometrial cancer, whereas patients with benign endometrial conditions constituted the control group. The two groups were compared in terms of insulin resistance and serum levels of adiponectin and vaspin. A total of 60 patients with confirmed endometrial cancer and 70 controls with benign endometrial conditions (polyps and atrophy) were enrolled. Median homeostasis model assessment of insulin resistance value was significantly higher in the study group compared with the control group (2.93 vs 1.27, P!0.0001), whereas mean quantitative insulin sensitivity check index value was significantly lower (0.33G0.02 vs 0.37G0.37, P!0.0001). Median values for both adiponectin and vaspin were significantly lower in patients with endometrial cancer compared with the control group (4.09 vs 17.13 mg/ml, P!0.0001 and 0.21 vs 0.39 ng/ml, P!0.0001 respectively). Low levels of both adiponectin and vaspin were found to be significantly associated with an increased risk for endometrial cancer. Following adjustment for confounding factors, the respective odds ratios for endometrial cancer in patients in the first tertile compared with those in the third tertile were 10.80 (2.76-42.24; PZ0.001) and 13.23 (2.94-59.64; PZ0.001). Our results show that lower levels of circulating adiponectin and vaspin levels are associated with an increased risk of developing endometrial cancer.
Introduction
Cancer is the second leading cause of death in developed countries, behind heart disease ( Jemal et al. 2005) . It is estimated that in the USA alone, nearly 580 350 individuals will have died from cancer by 2013, corresponding to almost 1600 deaths per day. Corporal uterine cancer, which is the most commonly diagnosed gynecological cancer, is responsible for the death of one fifth of women with endometrial cancer (Siegel et al. 2013) .
The prevailing theory regarding the factors thought to be responsible for the development of endometrial cancer is known as the 'unopposed estrogen' hypothesis, where the mitogenic effects of estrogens are insufficiently counterbalanced by progesterone (Kaaks et al. 2002) . However, the correlation noted between obesity and endometrial cancer cannot be accounted for by the risk posed by elevated levels of endogenous estrogens alone. It has been postulated that BMI and other obesity-related factors such as insulin resistance may contribute to an increased risk for endometrial cancer (Soliman et al. 2006) .
Adiponectin, a 244-amino acid protein, is one of the earliest adipokines secreted from adipose tissue to be discovered (Maeda et al. 1996 , Arita et al. 1999 . It sensitizes peripheral tissues to insulin, and decreased levels result in insulin resistance, which is associated with an increased risk of obesity and type 2 diabetes mellitus (Petridou et al. 2003) . Several studies have demonstrated the presence of a link between adiponectin and endometrial cancer (Petridou et al. 2003 , Dal Maso et al. 2004 , Soliman et al. 2006 , Cust et al. 2007 , Ashizawa et al. 2010 .
Visceral adipose tissue-derived serine protease inhibitor (Vaspin) is a 50 kDa adipokine, which was first discovered in visceral white adipose tissue of Otsuka Long-Evans Tokushima rats used as an animal model of obesity and type 2 diabetes (Hida et al. 2005) . Recent studies have suggested that changes in vaspin levels may be linked with diabetes mellitus, metabolic syndrome, obesity, and impaired insulin sensitivity (Hida et al. 2005 , Li et al. 2011 , all of which have been described as risk factors for endometrial cancer (Schmandt et al. 2011) . Although the association between adiponectin and endometrial cancer has been evaluated in several studies, data on the role of vaspin have yet to be published. The aim of this study was to determine whether changes in adiponectin and vaspin levels were associated with an increased risk of endometrial cancer.
Subjects and methods
This prospective cross-sectional controlled study was conducted in the Department of Gynecologic Oncology at Zekai Tahir Burak Women's Health Education and Research Hospital in Ankara, Turkey, with the approval of the local ethics committee. Postmenopausal women with histologically or cytologically confirmed endometrial cancer who were evaluated between April 2012 and January 2013 were approached for inclusion in the study, and consenting patients were screened for eligibility. The control group consisted of consenting patients who presented during the same period with benign endometrial conditions such as endometrial polyps and atrophic endometrium.
Patients with a previous history of cancer, polycystic ovary syndrome, atherosclerotic disease, hypertension, asthma, diabetes mellitus, heart failure, peripheral vascular disease, hematological disease, and autoimmune disorders were excluded from the study. Other exclusion criteria included alcohol consumption, active smoking, current use of any medication such as oral contraceptives or hormone replacement treatment, impaired liver or renal function test, and a history of a hysterectomy.
Information on demographics, level of education, and family history of endometrial cancer were recorded for all participants, followed by a careful physical examination including anthropometric measurements. BMI was calculated by dividing body weight in kilograms by the square of a patient's height in meters.
All blood samples were obtained by venipuncture of the antecubital vein between 0800 and 0900 h following an overnight fast of 8-12 h. The obtained sample for each patient was transferred to an EDTA tube and a standard biochemistry tube that was centrifuged immediately. Levels of HbA1c were determined using a turbidimetric inhibition immunoassay (Roche/Hitachi Modular P analyzer) for whole blood. Serum glucose was assayed using the glucose oxidase method by an autoanalyzer (Roche/Hitachi Modular P analyzer). Insulin and CA 125 levels were measured by a chemiluminescent microparticle immunoassay on an ADVIA Centaur analyzer (Siemens AG, Erlangen, Germany). The remaining sera were stored at K80 8C for the evaluation of serum levels of adiponectin and vaspin at the end of the study. Serum adiponectin (eBioscience; Bender MedSystems, Vienna, Austria; Lot No. 77738005) and vaspin (BioVendor-Laboratorní medicína a.s; Brno, Czech Republic; Lot No. E12-077S4) levels were measured by ELISA with an Epoch system (BioTek Instruments, Winooski, VT, USA). The minimal detectable concentrations of adiponectin and vaspin were estimated to be 1.0 mg/ml and 0.01 ng/ml respectively. The intra-assay coefficients of variation for serum adiponectin and vaspin were 4.2 and 7.6% respectively, and the inter-assay coefficients of variation for serum adiponectin and vaspin were 3.1 and 7.7% respectively.
The homeostasis model assessment of insulin resistance (HOMA-IR) and quantitative insulin sensitivity check index (QUICKI) were calculated from fasting insulin (FINS) and fasting blood glucose (FBG) levels using the following equations (Matthews et al. 1985 , Katz et al. 2000 : 
Statistical analysis
Statistical analyses were performed using the PASW Statistics 18 software (IBM Corporation, Armonk, New York, USA). Normality of distribution was evaluated using the Kolmogorov-Smirnov test. Comparisons of variables with a normal distribution were made using the Student's t-test, and values were provided as meanGS.D. For parameters with an abnormal distribution, the MannWhitney U test was used for comparisons, and values were given as median (minimum-maximum).
Conditional logistic regression, which preserved the matching of cases and controls, was used to estimate the odds ratios (ORs) and the 95% CIs for the associations between the serum vaspin levels and the endometrial cancer risk. To develop the logistic regression models, the serum levels of vaspin and adiponectin were categorized into tertiles based on the distribution of values in the control group. A P value of !0.05 was considered indicative of statistical significance.
Results
A total of 60 patients with histologically or cytologically confirmed endometrial cancer, along with 70 controls, were included in this study, the demographic characteristics of which have been summarized in Table 1 . Both mean age and BMI were significantly higher in the study group compared with the controls (56.57 vs 49.70 years; 31.12 vs 27.49 kg/m 2 ). Level of education was also lower in patients with endometrial cancer compared with the controls (5 vs 8 years). None of the participants gave a family history of endometrial cancer. In the study group, 49 patients (81.67%) had endometrioid adenocarcinoma, and according to the criteria of the International Federation of Gynecology and Obstetrics (FIGO), 37 (61.7%) had stage IA disease, 14 (23.3%) had stage IB, two (3.3%) had stage II, one (1.7%) had stage IIIA, two (3.3%) had stage IIIC1, three (5.0%) had stage IIIC2, and one (1.7%) patient had stage IVA disease.
All participants had an HbA1c value of !6.5% (4.62-6.41%). Mean HOMA-IR score was significantly higher in patients with endometrial cancer compared with the control group (2.93 vs 1.27; P!0.0001), whereas QUICKI values were significantly lower in the study group than in the controls (0.33 vs 0.37; P!0.0001). The endometrial cancer group also had a significantly higher mean CA 125 level compared with the control group (12.95 vs 6.30 IU/ml; P!0.0001).
Median values for both adiponectin and vaspin were significantly lower in patients with endometrial cancer compared with the control group (4.09 vs 17.13 mg/ml, P!0.0001 and 0.21 vs 0.39 ng/ml, P!0.0001 respectively). Results of biochemical assays along with HOMA-IR and QUICKI scores have been summarized in Table 2 .
In a subset analysis, we categorized the serum vaspin and adiponectin levels into three groups based on the tertile values in the control group. Lower adiponectin levels were found to be significantly associated with an increased risk of endometrial cancer. Compared with subjects in the highest tertile for adiponectin, the OR of endometrial cancer for the subjects in the first tertile was 10.64 (3.61-31.40). Lower vaspin levels were found to be significantly associated with an increased risk of endometrial cancer. Compared with subjects in the highest tertile of vaspin, the OR of endometrial cancer for the subjects in the first tertile was 17.04 (4.65-62.44). Furthermore, the association of the adiponectin and vaspin levels for the first tertile with the risk of endometrial cancer remained significant after adjusting for confounding factors such as age, BMI, HOMA-IR, and QUICKI. Table 3 shows the risk of endometrial cancer in relation to the serum vaspin and adiponectin levels.
Discussion
Endometrial cancer is one of the most important causes of death in developed countries (Jemal et al. 2005) . It has been suggested that obesity may be linked with an increased risk of developing endometrial cancer. Four hormonal mechanisms have been postulated; increased estrogen levels via conversion of circulating androgens in peripheral adipocytes, increased adrenal and ovarian secretion of androgens, increased free steroid hormone levels secondary to decreased sex hormone binding globulin production, and decreased progesterone production in premenopausal women secondary to decreased ovulation (Modesitt et al. 2012) . It remains a fact that not all obese women develop endometrial cancer, and not all patients with endometrial cancer are obese (Modesitt et al. 2012) . The role of other confounding factors in the carcinogenesis of endometrial cancer is currently under investigation. Insulin resistance, which may be defined as a decreased sensitivity or responsiveness to the metabolic actions of insulin, was first identified nearly 80 years ago (Muniyappa et al. 2008) . Although the hyperinsulinemic-euglycemic glucose clamp technique, which was originally described by DeFronzo et al. (1979) , is considered by the American Diabetes Association to be the 'gold standard' for quantifying IR (American Diabetes Association 1998) its complexity and associated high cost have led to the development of simpler alternative methods such as HOMA-IR and QUICKI. HOMA-IR is considered a reliable indicator of insulin resistance whereas QUICKI provides critical information regarding insulin sensitivity (Matthews et al. 1985 , Katz et al. 2000 , Wallace et al. 2004 . Although both scores have been used extensively in epidemiological studies and clinical research, QUICKI remains the best indicator among the simple surrogate indices for insulin sensitivity/resistance (Muniyappa et al. 2008) .
Insulin resistance is a state of perpetually elevated plasma insulin levels, even in the fasting state (Kaaks et al. 2002) . Chronic hyperinsulinemia has been established as an important risk factor for endometrial cancer (Schmandt et al. 2011) , which has been attributed to a mitogenic effect via endometrial insulin receptors' direct enhancement of tumor formation (Nagamani & Stuart 1998 , Kaaks et al. 2002 . Estrogen has also been implicated as a major culprit in endometrial carcinogenesis, due to its proliferative effects on endometrial tissue facilitated by an increase in local levels of insulin-like growth factor 1 (IGF1). Progesterone, on the other hand, is widely accepted as a protective factor against endometrial carcinogenesis due to its antiproliferative effects on endometrial tissue by promoting a local increase in IGF binding protein 1 (IGFBP) synthesis. Insulin manifests its carcinogenic characteristics by increasing the bioactivity of IGF1 while also downregulating the synthesis of IGFBP1 in endometrial tissue (Murphy & Ghahary 1990 , Rutanen et al. 1994 . Furthermore, chronic hyperinsulinemia may lead to ovarian hyperandrogenism, and increased peripheral aromatization of androgens to estrogen may increase the risk of endometrial cancer, particularly in postmenopausal women (Kaaks et al. 2002) . In a case-control study from Japan, investigators managed to demonstrate a significant correlation between adiponectin and HOMA-IR, but not with FINS (Ashizawa et al. 2010) . Recently, Modesitt et al. (2012) did not observe any difference between patients with and without cancer in terms of insulin levels. We did not encounter any study in the English literature in which HOMA-IR and QUICKI were evaluated in patients with endometrial cancer. Our study is the first to establish the presence of a significant association of higher HOMA-IR and lower QUICKI values, as predictors of insulin resistance and sensitivity, with an increased risk of endometrial cancer. Our results suggest a possible role for insulin resistance in endometrial carcinogenesis.
Adipose tissue, which has recently been classified as an endocrine organ, releases adipokines that have both antiinflammatory and proinflammatory characteristics (Schmandt et al. 2011) . The first adipokine to be identified as a product of white adipose tissue was adiponectin, a 244-amino acid protein with a high structural homology to collagen VIII (Maeda et al. 1996 , Arita et al. 1999 , Takahashi et al. 2000 . Ever since its discovery, adiponectin has been the focus of extensive research that has demonstrated significant effects on the inhibitory actions of insulin on hepatic glucose production via the activation of AMP-activated protein kinase (AMPK), an energy sensor that controls cellular metabolism (Wang et al. 2002 , Long & Zierath 2006 . Activation of AMPK in skeletal muscle, liver, and adipose tissue results in enhanced insulin sensitivity (Long & Zierath 2006) . In a study from Japan, administration of adiponectin to lipodystrophic mice was found to reduce insulin resistance (Yamauchi et al. 2001) . Decreased adiponectin receptor 1 (AdipoR1)/AdipoR2 expression has also been shown to be closely associated with neoplastic growth of the endometrium. Investigators reported lower levels of AdipoR1 in endometrial adenocarcinoma patients with myometrial invasion or lymph node metastasis (Yamauchi et al. 2012) . It has been postulated that adiponectin may prevent tumorigenesis by activating AMPK and inhibiting phosphatidylinositol 3-kinase (PI3K)/AKT/mTOR signaling via AdipoR1/2 (Schmandt et al. 2011) . Subsequent studies have indeed managed to demonstrate the presence of an antitumorigenic effect of adiponectin in endometrial cancer patients. In a recent study on 146 postmenopausal female subjects with endometrial cancer and 150 control subjects, the reported mean serum adiponectin level was significantly lower in the cancer group (P!0.0001), while a negative correlation between adiponectin and BMI was also observed. Compared with subjects in the lowest tertile, the ORs of endometrial cancer for the subjects in the third tertile was 0.5 (95% CI 0.3-0.9) (Ashizawa et al. 2010) . In another study from Greece, an increase in adiponectin levels by 1 S.D. was found to be associated with more than a 50% reduction in the risk of endometrial cancer, even after adjustment for other potential confounders such as BMI (Petridou et al. 2003) . In a study by Soliman et al. (2006) , patients with endometrial cancer were found to have higher adiponectin levels than controls, and following adjustment to confounding factors, the OR of developing endometrial cancer in subjects in the lowest tertile was 10.5. Subgroup analyses in the same study revealed normal-weight women (BMI%25 kg/m 2 ) with serum adiponectin levels in the lowest tertile to have approximately a 20-fold increased risk of developing endometrial cancer. Furthermore, investigators established that adiponectin level was inversely correlated with BMI in the control group but not in the endometrial cancer group. Two other European studies have also identified a low serum adiponectin level as an independent risk factor for carcinogenesis, after adjusting for other confounding factors such as age and BMI (Dal Maso et al. 2004 , Cust et al. 2007 ). On the other hand, a conflicting result was reported in a recent pilot study, where authors did not observe a significant difference between patients with and without endometrial cancer in terms of serum adiponectin levels (Modesitt et al. 2012) . Regardless, comparison of patients with endometrial cancer and those with benign endometrial conditions in our study revealed cancer patients to have significantly lower serum adiponectin levels (4.09 vs 17.13; P!0.0001), higher HOMA-IR values (2.93 vs 1.27; P!0.0001), as an indicator of insulin resistance, and lower QUICKI values (0.33 vs 0.37; P!0.0001), as an estimate of insulin sensitivity. We established that low adiponectin levels were associated with a tenfold increased risk for endometrial cancer. Vaspin, which is another adipokine made of 395 amino acids, shares w40% homology with alpha1 antitrypsin (Hida et al. 2005) . In a recent study by Kadoglou et al. (2011) , lower serum vaspin levels were observed in patients with angiographically confirmed coronary artery disease compared with age-and sexmatched healthy controls. Investigators also reported on an inverse relationship between vaspin and the number of significantly narrowed coronary arteries. Several studies have established that decreased serum levels and reduced mRNA expression of vaspin in peripheral blood mononuclear cells are associated with an increased risk of developing carotid stenosis, coronary artery disease, and unstable angina pectoris, as well as other microvascular complications in patients with diabetes mellitus (Aust et al. 2009 , Gulcelik et al. 2009 , Li et al. 2011 , Kobat et al. 2012 .
Diminished expression of vaspin, which is an insulinsensitizing and anti-inflammatory molecule, has been shown to be associated with worsening of diabetes-related complications, with serum vaspin levels normalizing following treatment with insulin or pioglitazone (Hida et al. 2005 , Phalitakul et al. 2011 . Under hyperglycemia, vaspin leads to attenuated high glucose (HG)-induced phosphorylation of both insulin receptor and insulin receptor substrate (IRS)-1, while at the same time suppressing phosphorylation of IRS-2. This has been proposed as a novel mechanism by which vaspin offers protection against vascular injury brought on by HG-induced insulin resistance. Vaspin has also been shown to reduce HG-stimulated vascular smooth muscle cell proliferation and chemokinesis, in vitro, by preventing the activation of reactive oxygen species, MAPK and PI3K/Akt while also blocking insulin receptor signaling and the NF-kB signaling pathway (Li et al. 2013) . It was concluded that the delaying effect of vaspin on vascular intimal hyperplasia could also play a possible role in the delay or prevention of carcinogenesis (Li et al. 2013) . However, to date, no papers have been published regarding this matter, and there is a need for further studies investigating the pathogenic mechanisms involved in carcinogenesis, at a molecular level.
With this study, we managed to demonstrate a link between low serum vaspin levels and an increased risk of endometrial cancer, whereas low levels of adiponectin were found to be associated with a 13-fold increase in the risk of developing endometrial cancer. To the best of our knowledge, this is the first study to investigate the relationship between endometrium cancer and serum vaspin levels.
Although participants in this study were meticulously selected through several exclusion criteria, it is not without limitations. The number of consenting participants included was limited, and consequently, sufficient matching for BMI and age could not be performed. Furthermore, most of the patients (w85%) had early stage (stage IA and IB) disease. Additionally, HbA1c measurements were made for patients with endometrial cancer but not for participants with benign endometrial conditions. In summary, we observed that endometrial cancer risk was significantly increased in women with lower serum vaspin and adiponectin levels, and this significance was independent of well-known risk factors such as age, BMI, HOMA-IR, and QUICKI. Although we investigated the role of these adipokines from an insulin resistance perspective, our results suggested that decreased vaspin and adiponectin levels may be associated with a currently undiscovered alternative mechanism in endometrial carcinogenesis, which should be clarified in future more comprehensive studies.
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